188                   THE ELECTRIC FURNACE
When the furnace is once in regular operation the current will be carried from one electrode to another through the molten iron in the smelting channel, without needing to pass into the carbon bottom of this channel, and the carbon bottom might therefore be omitted. In a furnace using three-phase current, as represented in Figs. 83 or 84, a small proportion of the current will pass from A to £} or from B to C, directly through the charge without passing through the molten metal or the bottom of the furnace. In these furnaces the voltage between A and J5, or between B and C, will be 1.73 times the voltage between A and a, or between B and b; and if the movable electrodes were near together, surrounded by a deep layer of charge, and raised considerably above the bottom of the furnace, the bulk of the current might pass directly between them, and the metal in the bottom of the furnace might become too cold or even solidify. In the Turnbull furnace, Fig. 82, there would be no danger of this as the electrodes are widely separated from each other, and are not raised very high above the metal in the furnace.
The upper part of the furnace, Fig. 82, is designed to utilize the combustible furnace gases for preheating the ore and limestone. This cannot be done in the main shaft of the furnace, for if air were introduced there to burn the gas, it would also burn the charcoal or other fuel in the ore mixture. A lateral rotating tube, T T, is therefore provided, down which the ore gradually passes. The combustible gases from the furnace burn in this tube, air being introduced through the bent pipe P; and the products of combustion escape by the flue F. The charcoal or other fuel is introduced through the hopper H, and is thus protected from the burning gas and air.
The preheating of the ore and limestone in the tube T T has several advantages. It calcines the" limestone, removing the carbon dioxide which would otherwise rob carbon from the fuel; it roasts the ore, removing a part of any sulphur it may contain and leaving it in a better condition for the smelting operation; and the ore, by being heated, is fitted for immediate reduction to the metallic state when it enters the reducing atmosphere of the furnace, as well as gaining an amount of heat which would otherwise have to be furnished by the electric current. This preheating of the ore is not of great importance in a blast-furnace, where an ample supply of heat is carried up by the blast and serves to preheat an immense volume of ore to an increasingly high temperature as it descends in the" furnace; but in the electric furnace only a small amount ofrie Report, 1907, plate xviii, and p. 147.e resistor.e Carborundum Furnace, F. A. J. FitzGerald, Electrochemical Industry, vol. iv, p. 53.in a steel furnace, and this is explained by the
